MOLD FOR FORMING A CONTACT LENS AND METHOD OF PREVENTING 
FORMATION OF SMALL STRANDS OF CONTACT LENS MATERIAL 
DURING CONTACT LENS MAlvIUFACTURE 

Field of the Invention 

This invention relates to a mold used for forming a contact lens and for a 
method of preventing the formation of small strands of contact lens material fix)m 
the overflow of the contact lens mold during contact lens manufacture. 

Background Of The Invention 

One way to manufacture soft contact lenses is to mold contact lenses in 
plastic molds. Typically there are two mold portions which when assembled form a 
cavity between the mold portions. A reactive mixtxu-e which reacts within the cavity 
forms a contact lens. Typically a first mold portion is dosed with the reactive 
mixture, and the second mold portion is placed on the first mold portion, and then 
the reactive mixture is reacted. The placement of the second mold portion onto the 
first mold portion typically causes excess reactive mixture to overflow the cavity 
contacting one or both mold portions. The mold portions commonly have flat 
flanges, and the excess reactive mixture commonly spreads out between the flanges 
of the two mold portions. The reaction of the reactive mixture is commonly 
radiation activated. The reactive mixture in the cavity reacts e.g. polymerizes and/or 
crosslinks to form the contact lens and the overflow reacts, to form an annular ring 
of polymer- In the typical manufacturing process the overflow area on the first mold 
portion (located on the bottom), which is the surface area of the first mold portion 
which the overflow reactive mixture will contact, receives an application of a 
surfactant prior to the dosing step. The surfactant prevents the overflow material 
from adhering to the first mold portion, and thereby helps the overflow material to 
adhere to the second mold portion and be removed from the manufacturing process 
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when the second mold portion is removed from the first mold portion, referred to as 
the de-mold step. The second mold portion is then discarded. The contact lens stays 
in the first mold portion which continues in the contact lens manufacturing process 
to the hydration and washing step or steps. The hydration and washing step or steps 
have been disclosed in the prior art, including US Patents 5,640,980; 5,690,866 and 

US Serial No. (VTN-420), incorporated herein by reference. 

During the hydration and washing step(s), any residual reactive monomer 
overflow, which if present is usually a thin or small piece which broke off from the 
bigger piece (which adhered to the second mold portion) washes off the first mold 
portion flange and may attach itself to a contact lens, which may later cause the 
contact lens to be rejected. 

Typically the dosing and reacting steps occxu: in an inert environment; 
however, recently it was discovered that contact lenses can be manufactured in an 
ambient environment as long as the time between dosing the reactive mixture into 
the first mold portion and the placement of the second mold portion onto the first 
mold portion is less than 70 seconds. The process of manufacturing contact lenses 
in an ambient environment was disclosed in U.S. Patent Serial No. 09/222,266 
(VTN-421), incorporated herein by reference. The reactive mixture which forms the 
contact lens within the mold is not effected by the oxygen in the ambient 
environment once the second mold portion is placed on the first mold portion, 
because within the closed mold, the reactive mixture is sealed away from the 
ambient environment; however, the overflow reactive mixture on the flange is 
exposed to the oxygen in the ambient envirormient which may interfere with and 
prevent the full reaction, e.g. polymerization, of the reactive mixture. It is suspected 
that this may be causing a greater formation of thin pieces of the reactive mixture 
which do not react fully and often break away from the rest of the overflow material. 
The small pieces of the partially polymerized reactive mixture do not adhere to the 
second mold portion at the time the second mold portion is removed from the first 



mold portion during the de-mold step. Instead the small pieces tend to find their 
way to and stick to the contact lenses during the subsequent hydration and/or 
washing step(s). 

This invention addresses the problem of the pieces of reactive mixture which 
break off from the rest of the overflow and/or are not removed with the second mold 
portion, and/or are not easily removable from the mold portions. This invention is 
useful for any contact lens manufacturing line, e.g. the reaction occurs in an inert or 
ambient environment. 

Summary Of The Invention 

This invention provides a mold for forming a contact lens comprising an 
overflow collector. The overflow collector is a volume preferably at least partly 
defined by a structure which causes the overflow reactive mixture to be 
accumulated, and not to spread out as it would upon the typically flat surface of a 
prior art mold. The overflow collector also reduces the amount of the surface area 
of the overflow that contacts the ambient or inert environment, preferably the 
overflow collector reduces the surface area of the overflow, that contacts the ambient 
or inert environment by more than twenty-five percent as compared to a mold 
having a flat overflow area, more preferably by more than fifty percent as compared 
to a mold having a flat overflow area. The overflow collector assists in the removal 
of the overflow reactive mixture from the contact lens manufacturing process. The 
overflow collector preferably prevents the fonnation of thin strands of reactive 
mixture. This overflow collector preferably assists in the adhesion of the overflow 
reactive mixture to at least one of the mold portions. 

This invention further provides a method of preventing the formation of 
contaminating pieces, typically thin strands of overflow reactive mixture comprising 
the step of: preventing the overflow reactive mixture from spreading out on the 
mold. The thin strands usually have dimensions between 40 to 1,000 microns. This 
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method also reduces the amount of the surface area of the overflow that contacts the 
ambient or inert environment. This method assists in the removal of the overflow 
reactive mixture from the contact lens manufacturing process. This method 
preferably prevents the formation of thin strands of reactive mixture. This method 
preferably assists in the adhesion of the overflow reactive mixture to at least one of 
the mold portions. 



Brief Description Of The Drawings 

Fig. 1 shows a cross-section of a prior art contact lens mold, 
ligl Fig. 2 shows a cross-section of a contact lens mold of this invention. 

Fig. 3 shows a top view of the first mold portion of the contact lens mold 



=i« shown in Fig. 2. 

j^j Fig. 4 shows a cross-section of a second embodiment of a contact lens mold 

• of this invention. 

^iJ Fig. 5 shows a top view of the first mold portion of the contact lens mold 

I1J 

iZ shown in Fig. 4. 

Fig. 6 shows a cross-section of a third embodiment of a contact lens mold of 
ji I this invention. 

Fig. 7 shows a bottom view of the second mold portion of the contact lens 
2 0 mold shown in Fig. 4. 



Detailed Description of the Invention 

Fig. 1 shows a cross-section of a prior art contact lens mold 10 which consists 
of a first mold portion 11, and a second mold portion 12. The mold 10 is shown 
2 5 assembled and dosed with a reactive mixture 15. Molds like the one shown and 

their use for molding contact lenses have been fiilly described in for example, US 
Patents 5,238,388; 5,326,505 and 5,540,410; incorporated herein by reference. 
Typically the mold portions comprise polystyrene, polypropylene, polyethylene or 
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the like; however, more durable materials such as quartz or glass can be used to 
make the molds of this invention. 

The first mold portion 1 1 and the second mold portion 12 define a cavity 14 
within which a reactive mixture 15, e.g. reactive monomers or uncrosslinked 
polymers, react to form a contact lens. The reactive mixture 15 typically comprises 
a hydrogel forming composition, for example, it may comprise hydroxyethyl 
methacrylamide and/or other monomers, and crosslinkers, and/or other compositions 
which are fiiUy disclosed in the prior art. The cavity 14 is defined by optical surface 
18 of the first mold portion 1 1, the optical surface 19 of the second mold portion 12, 
and by the edge 100 on the first mold portion 1 1 which meets the optical surface 19 
of the second mold portion 12. The optical surface 19 forms the back surface of the 
contact lens, that is, the surface which is against the eye, and the optical surface 18 
forms the fi-ont curve of the contact lens. For this reason the first mold portion 1 1 is 
often referred to in the prior art as the front curve mold, and the second mold portion 

12 is often referred to as the back curve mold in the prior art. Typically, the quantity 
of the reactive mixture 15 which is dosed into the first mold portion 1 1 is too large 
for the cavity 14 and forms an overflow 13 when the first mold portion 11 and the 
second mold portion 12 are assembled to form the mold 10. The overflow 13 
spreads out between the flanges 16, 17 of the mold portions. Ideally, the overflow 

13 reacts, e.g. polymerizes and/or crosslinks to form an annular ring of polymer 
which adheres to the second mold portion 12 due to the application of a surfactant to 
the flange 16 of the first mold portion 11. The overflow 13 can then be removed 
fi-om the manufacturing process during the de-mold step when the second mold 
portion 12 is removed fi-om the first mold portion 1 1 and discarded. However, if the 
reactive mixture spreads out too thinly, or perhaps due to the effect of the 
environment, the overflow 15 is not fiilly removed in the de-mold step and instead 
breaks into one or more small pieces, which contaminate the downstream 
manufacturing process of contact lenses. 
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This invention provides a mold for forming a contact lens having an 
overflow collector. The mold can comprise one or more mold portions. Typically 
the mold will comprise two mold portions as described above for the prior art mold; 
however, this invention is applicable to other molds for manufacturing contact 
lenses. The mold may comprise a single mold portion, or the mold may comprise 
more than two portions, one of which may be present to define the overflow 
collector. Preferably, the mold is disposable; however, this invention includes 
reusable molds. 

One embodiment of this invention of a mold which provides an overflow 
collector 38 is shown in Fig. 2. The overflow collector 38 is shaped like a trough 
and its volume is partly defined by a structure 39, i.e., a protrusion 39 fi-om the 
surface of the flange 26 of the first mold portion 21. The overflow collector is 
additionally defined by the flange 26 fi-om the edge 102 to the protrusion 39, by the 
optical surface 29 of the second mold portion 22 which is outside of the cavity 24, 
and by part of the bottom side of the flange 27 of the second mold portion 22. The 
protrusion 39 is preferably present continuously around the flange 26, although the 
size and shape of the overflow collector 38 may vary if desired, and does not have to 
be present around the entire flange 26. (Note that Fig, 3 shows an optional tab 101, 
which is an extension of the flange 26, and which is not present in the cross- 
sectional view of the mold. The tab 101 assists in the handling of the mold portion.) 
The protrusion 39 can be located anywhere on the flange 26 depending upon the 
amount of overflow 23. For a smaller amount of overflow 23, the overflow collector 
38 is preferably made smaller by locating the protrusion 39 closer to the edge 102. 
When the overflow 23 is a greater amount, the overflow collector 38 is preferably 
made larger by locating the protrusion 39 further away from the edge 102. The 
height of the protrusion 39 should preferably be as high as it can be manufactured. 
If necessary other requirements for the mold portions may need to be considered 
when designing the structure, such as the ability to apply a surfactant to the surface 
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of the first mold portion and the subsequent use of mechanical fingers between the 
mold portions in the de-mold step. Additionally, the assembly of the mold needs to 
be considered. Preferably the protrusion 39 should not interfere with the assembly 
of the contact lens mold 20, e.g., the protrusion 39 should not interfere with the- 
placement of the second mold portion 22 on the first mold portion 21, unless the 
protrusion 39 is flexible and will allow the mold to contract if necessary during the 
reaction step. The volume of the overflow collector 38 should preferably be such 
that it can contain all the overflow 23, that is, that it does not let the reactive mixture 
overflow 23 past point A on the protrusion 39. 

The protrusion 39 can have any shape, and can comprise any material. The 
protrusion 39 is shown having a triangular shape; however, it could be rectangular, 
semi-elliptical, or semi-circular. Presently, the mold portions including the 
protrusion 39 are made by injection molding so it is preferred that the protrusion 39 
is shaped so that it tapers away from the surface of the flange 26 to make it easier to 
mold; however, for mold portions that are not made by injection molding, the 
protrusion can have any shape, and does not have to taper away from the flange. For 
example, the mold portion having the protrusion could be made of machined quartz 
or the protrusion could be made of rubber or a separate piece of plastic and 
subsequently adhered to a mold portion. 

It is desired that the overflow 23 adheres to and is removed with the second 
mold portion 22 when the second mold portion 22 is removed from the first mold 
portion 21 during the de-mold step in the preferred contact lens manufacturing 
process; therefore, it is preferred to design the mold 20 and the boundaries of the 
overflow collector 38 so that the surface area of the second mold portion 22 
contacting the overflow 23 is equal to or greater than the surface area of the first 
mold portion 21 contacting the overflow 23. This, however, is not a requirement, 
because the adhesion of the overflow 23 to the second mold portion 22 can be 
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accomplished by the use of surfactant, or by other surface treatment chemicals or 
methods, on the first mold portion 21 or the second mold portion 22. 

In the presently preferred embodiment shown in Figs. 2 and 3, the protrusion 
is preferably located from 1 to 1.5 mm, more preferably 1.25 mm from edge 102, 
5 and is preferably from 0.3 and 0.4 mm, more preferably 0.35 mm in height measured 

from the surface of the flange 26 from which the protrusion 39 protrudes. The 
surface area of the second mold portion 22 which contacts the overflow 23 is about 
75 mm^ and the surface area of the first mold portion 21 which contacts the 
hj overflow 23 is about 55 mm\ The optimum location and height of the protrusion 

Jf for a particular amount of overflow and assembly can be determined by a person of 

"pi ordinary skill in the art for the amount of overflow 23 . 

An alternative embodiment is shown in Fig. 4 and Fig. 5. The contact lens 
mold 40 comprises a first mold portion 41 comprising another structure 59, i.e. a 
depression 59 which defines one boundary of the overflow collector 58. The other 
jif boundaries include the optical surface 49 of the second mold portion 42 which is 

j-J outside of the cavity 44, and by part of the bottom side of the flange 47 of the second 

Cj mold portion 42. Optionally, in this embodiment, as shown, the flange 46 of the 

first mold portion 41 can be higher on the side of the depression 59 fiuthest from the 
cavity 44 to increase the size of the depression 59. Alternatively, a protnision, like 
20 in the first embodiment, on the side of the depression 59 fiirthest from the cavity 44 

could have been provided for the same purpose. The higher side and/or the 
protnision preferably provides for the exposure of less surface area of the reactive 
mixture to the environment. The depression 59 is preferably present continuously 
around the flange 46, although the size and shape of the overflow collector 58 may 
" if desired, and does not have to be present around the entire flange. The 

depression 59 can be any size depending upon the amount of overflow 43. For a 
smaller amount of overflow 43, the overflow collector 58 is preferably made smaller 
by making the depression smaller. When the overflow 43 is a greater amount, the 
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overflow collector 58 is preferably made larger by increasing the size of the 
depression 59. For best results, it is preferred that the height of the far side of the 
depression 59 from the edge 103 should be as high as it can be manufactured 
without interfering with the assembly of the contact lens mold 40, taking into 
5 account other process requirements too. The volume of the overflow collector 58 

should preferably be such that it can contain all of the overflow 43, that is, that it 
does not let the reactive mixture past point B of the depression 59. 

The depression 59 can have any shape. The depression"59 is shown having a 
semi-elliptical shape; however, it could be triangular, rectangular or semi-circular. 
Presently, the mold portions are made by injection molding so it is preferred that the 
SI depression 59 is shaped so that it tapers away from the surface of the flange 41 to 

J: "^^e it easier to mold; however, for mold portions that are not made by injection 

UJ molding, for example machined quartz, the depression can have any shape and does 

ill 

not have to taper away from the flange. It is preferred that the depression 59 located 
© on the first mold portion 41 tapers, and that the shape of the depression 59 is wider 

lI towards the second mold portion 42, because it is desired that the overflow 43 

adheres to and is removed with the second mold portion 42 when the second mold 
ilJ portion 42 is removed from the first mold portion 41 during the de-mold step in the 

preferred contact lens manufacturing process. The optimum depth, height and 
design of the depression for a particular amount of overflow and assembly can be 
determined by a person of ordinary skill in the art for the amount of overflow. 

An alternative embodiment is shown in Figs. 6 and 7. Fig. 6 shows the mold 
60 comprising the first mold portion 61 and the second mold portion 62. The second 
mold portion 62 has a structure 79, i.e., a protrusion 79 which meets or nearly meets 
*e surface of flange 66 of the first mold portion 61 and defines the overflow 
collector 78. Other boimdaries to the overflow collector 78 include portions of the 
surfaces of the flanges 66, 67 and the optical surface 69. In this embodiment, it is 
important that the protrusion 79 meets or neariy meets the flange 66, to prevent the 
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overflow 63 from flowing under the protrusion 79. If the protrusion 79 nearly meets 
the flange 66 of the first mold portion 61, it is preferred that the protrusion 79 has a 
rectangular shape as shown so that the leading edge of the overflow 63 will be 
trapped and stopped in the space 77 between the protrusion 79 and the flange 66. If 
the protrusion 79 meets the flange 66, (not shown) it is preferred that the protrusion 
79 and/or the flange 67 and/or the flange 66 is/are flexible, to allow for contraction 
of the mold 60 during the reaction of the reactive mixture, if necessary. A flexible 
protrusion 79 and/or flange, 66, 67 can be provided by molding a thin piece of 
plastic. Alternatively, a flexible protrusion 79 can be provided by using a different 
material, such as rubber, to form the protrusion 79 which can be adhered to the 
flange 67. The protrusion 79 is shown as having a rectangular shape; however, hke 
for the protrusion described in the earlier embodiment, it can have any shape. A 
protrusion 79 which is part of or adhered to the second mold portion 62 provides the 
benefit of increased surface area for the overflow 63 to cling to which will assist in 
the removal of the overflow 63 with the second mold portion 62 in the de-mold step. 

The structures described and shown above are protrusions and depressions, 
however any structure or combination of structures can be used to define or partly 
define an overflow collector. For example, in alternative embodiments, not shown, 
the overflow collector could be defined by structures, e.g. protrusions on both the 
first mold portion and the second mold portion, and if desired the structures could be 
shaped to fit together, when the mold is assembled. In other embodiments, 
particularly when the molds are reusable, the structures could be fonned fi-om 
materials which differ fi-om the materials used to form the mold portions, and/or 
could be materials to which the reactive mixture has an affinity to, such as, 
polystyrene. In an alternative embodiment the overflow collector can be defined by 
or partially defined by a structure separate from the mold, a third mold portion, for 
example, which can inserted between the flanges of the first mold portion and the 
second mold portion, preferably in a step either prior to or simultaneous with the 
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placement of the second mold portion on the first mold portion to assemble the 
contact lens mold. In this embodiment, for example a flexible material ring 
comprising a rubber or spongy material would be desirable, to allow the mold 
portions to compress if necessary. Alternatively or additionally, making the 
structure out of a material to which the reactive mixture has an affinity would be 
beneficial. After the reaction step, and de-mold, the structure could be removed 
with the overflow attached, and discarded. The structure could have a cross-section, 
for example like a "U" on its side, which would provide additional surface area for 
the overflow to adhere to. The use of a disposable structure would be particularly 
desirable when reusable molds are used to form the contact lenses, because it would 
simplify the cleaning step before reuse. 

This invention also provides a method of preventing the formation of thin 
strands of overflow reactive mixture comprising the step of: preventing the overflow 
reactive mixture fi-om spreading out on one or more mold portions. The inventors 
have discovered that the problem with the overflow is that if it is allowed to spread 
out on the flange area, small pieces of the overflow may break away and 
contaminate later manufacturing steps. By preventing the reactive mixture fi^om 
spreading out on the one or more mold portions then the likelihood of fully 
removing the overflow in the de-mold step will be increased. In addition to using an 
overflow collector defined by a physical structure as described above, the overflow 
collector could be defined by a pressure barrier, accomplished e.g. by blowing gas at 
the overflow between the flanges of the mold portions to prevent the overflow ftom 
spreading out. Alternatively, the overflow collector could be defined by a chemical 
barrier which would react with the leading edge and prevent it fi-om spreading. The 
overflow could be removed from the mold by a separate washing step or wiping 
step, prior to the reaction step. In the washing step water can be directed at the mold 
between the flanges. In a wiping step a brush or the like can be used to remove the 
overflow fit>m the flanges of the mold. In the presently preferred method of this 
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invention a structure which at least partly defines an overflow collector, most 
preferably the protrusion shown in Figs. 2 and 3 is used to prevent the spreading out 
of the overflow between the flanges. 

This invention has been described for the preferred embodiments. 
Alternative embodiments, and modifications to the embodiments described above 
will be apparent to a person of ordinary skill in the art without departing from the 
principles and the spirit of the invention as defined by the following claims. 



